In this study, we present an integrated method of Analytical Hierarchy Process based on interval type-2 fuzzy sets (IT2FAHP) and Technique 
Introduction
Multi criteria decision making (MCDM) is an evaluation process and it has been widely used by several researchers and practitioners. MCDM methods have been applied for evaluating and ranking of alternatives under conicting criteria with respect to subjective judgements of decision makers (DMs). Since classical MCDM methods cannot deal with imprecise and vagueness information in the decision making process, many fuzzy MCDM methods based on fuzzy sets (also known as type-1 fuzzy sets) proposed by Zadeh [30] , have been presented: Fuzzy AHP (Van Laarhoven and Pedrycz [26] , Buckley [4] , Chang [5] ), Fuzzy TOPSIS (Triantaphyllou and Lin [25] , Hwang and Yoon [15] , Chen [6] , Wang and Elhag [28] , Ashtiani et al. [2] ), Fuzzy VIKOR (Park et al. [22] , Wan et al. [27] ), Fuzzy COPRAS (Zavadskas and Antucheviciene [32] , Yazdani et al. [29] ), Fuzzy PROMETHEE (Chen et al. [12] , Goumas and Lygerou [14] ), and etc.
However, mentioned Fuzzy MCDM methods are unable to handle high complexity and vagueness. Type-2 fuzzy sets (T2Fs), characterized by a fuzzy membership function, are introduced by Zadeh [31] as an extension of type-1 fuzzy sets (T1Fs) to better represent the uncertainty of the real world. In practical applications, usage of T2Fs are limited because of the computational complexity. Thus, interval type-2 fuzzy sets (IT2Fs), as a special case of type-2 fuzzy sets, have been widely used. Recently, many fuzzy methods based on IT2Fs have been presented for MCDM problem in literature.
Chen and Lee [7] presented an IT2FTOPSIS method to handle fuzzy multiple attributes group decision-making problems based on IT2Fs. Nasab and Malkhalifeh [20] introduced an extension of fuzzy TOPSIS based on IT2FSs to handle fuzzy MCDM problems.
Chen et al. [11] developed an extended QUALIFLEX method to deal multiple criteria decision-making problems in the context of IT2Fs. Chen [8] developed new methods based on PROMETHEE that use a signed distance-based approach within the environment of IT2Fs for multiple criteria decision analysis. Kahraman et al. [16] developed an IT2FAHP method together with a new ranking method for type-2 fuzzy sets. Abdullah and Najib [1] proposed a new fuzzy AHP characterized by IT2FS for linguistic terms. Chen [9] developed a novel IT2FTOPSIS method for multiple criteria decision analysis that is based on interval type-2 trapezoidal fuzzy numbers. Kilic and Kaya [17] proposed a model composed of type-2 fuzzy AHP and type-2 fuzzy TOPSIS methods for the investment project evaluation problem.
In this study, an integrated method of Analytical Hierarchy Process based on IT2Fs 
Interval Type-2 fuzzy sets
In this section, we briey give some basic denitions of T2Fs and IT2Fs and arithmetic operations on IT2Fs.
2.1. Denition. [7, 19] A type-2 fuzzy setÃ in the universe of discourse X which can be represented by a type-2 membership function µÃ is given as,
where Jx denotes an interval [0,1]. Moreover,Ã represented by:
where denotes union over all admissible x and u.
2.2. Denition. [7, 19] LetÃ be a type-2 fuzzy set in the universe of discourse X represented by the type-2 membership function µÃ. If all µÃ(x, u) = 1, thenÃ is called an Interval type-2 fuzzy set (IT2Fs) as follows:
2.3. Denition. [7, 19] The upper and lower membership functions of an IT2Fs are type-1 membership functions. The reference points and the heights of the upper and the lower membership functions of IT2Fs are used to characterize IT2Fs. Fig.2.1 shows a 
arithmetic operations are given in following denitions [10, 18] .
2.4. Denition. [18] The addition operation is dened as follows:
2.5. Denition. [18] The multiplication operation is dened as follows:
2.6. Denition. [10] The multiplication by a non-negative real number k is dened as follows:
The Proposed Method
In this section, IT2FAHP and IT2FTOPSIS methods are given and then, the proposed integrated method of IT2FAHP and IT2FTOPSIS are presented.
3.1. IT2FAHP Method. AHP method developed by Saaty [23] , is a popular approach for MCDM. The method is based on pair-wise comparison of criteria and alternatives.
In many pratical cases, the decision makers might be unable to assign crisp values for the evaluation of criteria and alternatives. Therefore, various fuzzy AHP methods based on T1Fs were presented in the literature. In recent years, fuzzy AHP methods based on IT2Fs have been proposed to overcome high uncertainties in decision making process.
Kahraman et al. [16] presented an interval type-2 fuzzy AHP method into the literature for the rst time. Then, Abdullah and Najib [1] proposed an AHP characterized by IT2Fs for linguistic variables to enhance judgment in the fuzzy decision-making environment. In this study, we consider IT2FAHP method proposed by Kahraman et al. [16] .
The algorithm of this method is as follows:
Step 1: Construct the fuzzy pairwise comparison matrices for all the criteria. The linguistic terms and corresponding IT2Fs used in IT2FAHP are given in Table 3 .1.
Step 2: Check the consistency of the fuzzy pairwise comparison matrices by using the DTriT or DTraT approach proposed by Kahraman et al. [16] .
Step 3: Calculate the geometric mean of each row as follows:
Step 4: Calculate the fuzzy weights of each criterion by [15] , is one of the well known MCDM methods. This method is based on selection of alternative which have the shortest distance from the positive-ideal solution and the farthest distance from the negative-ideal solution. Since the TOPSIS method is not suitable to represent uncertainties, fuzzy TOPSIS method based on T1Fs were proposed by Chen [6] . In the last decade, fuzzy TOPSIS methods based on IT2Fs have been proposed by dierent researchers in order to better represent uncertainties. The algorithm of IT2FTOPSIS method proposed by Chen and Lee [7] is as follows:
Step 1: Construct the decision matrixD by using linguistic terms and corresponding IT2Fs given in Table 3 .2. 
.., m, j = 1, 2, ..., n and k denotes the number of DMs.
Step 2: Construct the weighted decision matrixDw = [ṽij]m×n by using vij =wj ⊗xij.
Step 3: Construct the ranking weighted decision matrixD * w = (Rank(ṽij))m×n calculating the ranking value Rank(ṽij ) of the IT2Fs proposed Lee and Chen [18] .
Step 
where C1 denotes benet criteria, C2 denotes cost criteria.
Step 5: Calculate the distance between each alternative and the positive and the negative ideal solutions as follows:
Step 6: Calculate the relative degree of closeness CCi by:
Step 7: Rank the values of CCi, i = 1, 2, ..., m in a descending order. criteria. Also, the fuzzy AHP comprise a useful mechanism for checking the consistency of the decision maker's evaluations, thus reducing the bias in the decision making process [23] . However, as the number of criteria/alternatives increases, numerous pair-wise comparisons are required in the fuzzy AHP method. In such cases, fuzzy TOPSIS in which no pair-wise comparison could be used for ranking of the alternatives to reduce computation time and provide ease of calculation. Hence, we integrated fuzzy AHP and fuzzy TOPSIS methods based on interval type-2 fuzzy sets. In the proposed integrated method, we used interval type-2 fuzzy sets on account of the fact that interval type-2 fuzzy sets are more exible than type-1 fuzzy sets to overcome uncertainties and the fuzziness of the real world problems [7] . So, integrated MCDM method based on IT2Fs helps us providing more reliable, adaptable and sensitive results.
The proposed integrated method consists of three phases: (i) identication of criteria and alternatives, (ii) computation of IT2 fuzzy weights of the criteria via interval type-2 fuzzy AHP, (iii) determination of the ranking of alternatives with interval type-2 fuzzy TOPSIS. The framework of the proposed integrated method is given in Figure 3 .1. Eurofound [13] . Table 4 .1 shows criteria and sub-criteria for the EQLS 2012. There are 6 main criteria and related 30 sub-criteria including 18 benet criteria and 12 cost criteria.
Benet criteria are written in bold font. The ranking of life quality for the countries is constituted by IT2FTOPSIS. DMs use the linguistic terms in Table 3 .2 to evaluate the countries with respect to each criteria and then decision matrix is constructed. The ranking results of life quality for the countries is determined by using IT2FTOPSIS method as shown in Table 4 .3.
The three countries with the best quality of life are Iceland, Denmark and Sweden, wheras the three countries with the worst quality of life are Bulgaria, Latvia and Greece by the proposed method. Turkey is ranked as 26th among the considered 34 countries.
To show performance of the proposed method, the ranking results of life quality for the countries are also obtained by the methods of TOPSIS [21] , FTOPSIS [6] , IT2FTOPSIS [7] , Integrated AHP and TOPSIS [3] and Integrated FAHP and FTOPSIS [24] as presented in Table 4 .3. The ranking results of the proposed method are compared with them.
The Spearman correlation coecient is calculated to make this comparison as given in 30  26  25  24  26  26  Latvia  33  31  31  31  34  34  Lithuania  25  21  23  22  33  24  Luxemburg  8  11  13  8  12  13  Macedonia  21  19  17  16  19  17  Malta  16  10  10  13  13  11  Montenegro  13  13  7  9  17  8  Netherlands  6  5  3  6  6  3  Poland  24  23  22  25  28  23  Portugual  19  20  24  26  15  21  Romania  23  25  27  27  25  29  Serbia  27  27  21  23  27  22  Slovakia  18  16  14  17  20  15  Slovenia  9  9  8  10  11  9  Spain  17  14  15  20  7  14  Sweden  3  6  5  3  8  5  Turkey  26  34  30  33  32  30  United K.  15  12  19  12  18  19 proposed method are consistent with the other methods since all correlation coecients are statistically signicant. The average life quality is calculated as 5.23 on the scale between 0 and 10 by proposed method. In terms of life quality, countries with above the average are Austria, Belgium, Denmark, Finland, France, Germany, Iceland, Ireland, Italy, Luxemburg, Montenegro, Netherlands, Slovenia, Sweden, and United Kingdom (Fig. 4.1) . In the evaluation process, the proposed method doesn't require pair-wise comparison of alternatives with respect to the each criteria. Therefore, the computation time of the proposed method is less than traditional AHP and TOPSIS methods under crisp/ fuzzy environment. Due to this reason, it can be said that the proposed method is a useful way to handle multi-criteria decision making problems including too many alternatives.
For further researches, it is possible to use dierent fuzzy MCDM methods under type-2 fuzzy sets to determine the weights of criteria and ranking of the alternatives.
